This Page Is Inserted by IFW Operations 
and ,s not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defects in (he images may include (bu, are no, limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP. BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• ^'-^^ OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



COPY. 



IMAGES ARE BEST AVAILABLE 

Teasf lot?™"*^ '''' ^-'•^^^ •'"ages, 
Please do not report the images to the 
Image Problem Mailbox. 



CM 
< 



U> 

CO 
CO 

o 



(19) 



(12) 



Europfilsches Pat ntamt 
European Pat nt Office 
Office urop6end br v ts (11) EP 1 063 500 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publicatton: 

27.12.2000 Bulletin 2000/52 

(21) Application number 00111686.8 

(22) Date of filing: 09.06.2000 



(51) int.ci7: G01G 19/50, G01G 19/414, 
A61B5/05 



(84) 


Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR QB GR IE IT LI LU 


• Serita, EHchl 




MC NLPTSE 


Itabashl-ku, Tokyo (JP) 




Dedgnated Extension States: 


• Hasegawa, HIrokl 




ALLTLVMKROSI 


ttabaahl-ku, Tokyo (JP) 






• Hosol, HIdekl, 


(30) 


Priority: 11 mi 999 JP 16463399 


Kyoel-Selmel Building 




11 J)6.1999 JP 16463499 


Ohmagarl-shl, Akfta-ken (JP) 


(71) 


Applicant TANITA CORPORATION 


(74) Representative: 




Tokyo 174 (JP) 


MQIIer-Bord & Partner 






Patentanwdlte 






Grafinger Strasse 2 






81671 MQnchen (DE) 



(54) Method and apparatus for measuring distribution of body fat 

(57) The present Invention relates to a method and 
an apparatus for measuring a distribution of body fat for 
human body. The method comprises the step of meas- 
uring a bloelectricai impedance and a thtclcness of 
abdominal subcutaneous fat, based on the personal 
data such as sex, age, height, weight, etc. The method 
further comprises the step of calculating an area or an 
amount of abdominal visceral fat or abdominal subcuta- 
neousfat, based on the measurements of the bloelectri- 
cai impedance and the thickness of abdominal 
subcutaneous fat as well as the girth of abdomen. 

According to another emlwdlment of the present 
invention, the method comprises the step of measuring 
the thickness of abdominal subcutaneous fat and the 
girth of abdomen. Thereafter, the area of abdominal vis- 
ceral fat and the area of abdominal sui^cutaneous fat 
are calculated, based upon the measurements of the 
thickness of abdominal subcutaneous fat and the girth 
of abdomen. 
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DescriptI n 

BACKGROUND OF THE INVENTION: 
5 Raid of the Invention: 

[0001 ] The present Invention relates to a method and an apparatus for measuring a body fat for a person, and more 
particularly; to a method and an apparatus for measuring a distribution of body fat for a human body. 

10 Description of the Prior Art: 

[0002] in the past, the weight of a person was frequently used as a factor to represent a personal health condition. 
But recently, a rate of body fat for a person has becoming to be an important factor to represents the health condition 
for the person. Accordingly, various types of method and apparatus for measuring an amount of body fat have been 
IS developed and proposed. For Instance, TOKUKAISHO No. 62-1 69023 discloses a technique for measuring an amount 
of body fat for a person by entering the personal data such as height, age, sex, etc., and measuring the weight for a 
person and the Impedance between the extreme parts on a body of the person. In addition, TOKUHYOSHO No. 57- 
600900 discloses a technique for measuring the thickness of a fatty fascia. According to this technique, an ultrasonic 
pulse signal is applied to an animal from the rear side, and any received signal reflected from a boundary between a 
20 fatty fascia and a muscle fascia Is detected. Then the time period between transmission and reception of the pulse sig- 
nal is measured to determine the thickness of the fatty fascia. Furthermore, TOKUKAISHO No. 62-87139 discloses an 
estimating method for body fat. According to this method, subcutaneous fat on each part of a human body is measured 
by using an ultrasonic signal. Then the measurement Is multiplied by a cross sectional area factor or a body fat estima- 
tion factor on each part of the body for producing an estimate of body fat on each part of the body. Thereafter, the Indi- 
es vidual estimates are integrated to determine whole body fat 

[0003] Recently, it has found that a risk for a person to get so called 'adult (noncommunlcable) diseases", such as 
diat>etes, arteriosclerosis, etc., may vary depending upon the distribution of fat or whether he has a subcutaneous fat 
or a visceral fat, irrespective of the same rate of fat he has. Therefore, a method of measuring the distribution of fat by 
analyzing a tomographic Image of an at}domen taken by CT or MRI has been proposed. 
30 [0004] Such method, however, Is problematic In that the analysis of the Image Is highly complex and CT may pro- 
duce an exposure of X-ray to the human body. 

[0005] TTierefore, an object of the present Invention Is to provide a method and an apparatus for measuring a dis- 
tribution of body fat, that can solve the problems of the prior art. 

35 Summary of the Invention : 

[0006] In order to attain such object, the prior art problems are solved, according to one aspect of the present Inven- 
tion, providing a new and Improved method of measuring a distribution of body fat for a human body, characterized 
in that It comprises the steps of: measuring a bloelectrical impedance and a thickness of atxiominal subcutaneous fat, 
40 based on the personal data such as sex, age, height, weight, etc.; and calculating an area or an amount of abdominal 
visceral fat, based on the measurements of the bloelectrical Impedance and the thickness of abdominal subcutaneous 
fat. 

[0007] According to another aspect, the present Invention provides a method of measuring a distribution of body fat 
for a human body, characterized In that it comprises the steps of: measuring a bloelectrical Impedance and a thbkness 
45 of abdominal subcutaneous fat, based on the personal data such as sex. age. height, weight, etc.; and calculating an 
area or an amount of abdominal subcutaneous fat, based on the measurements of the bloelectrical Impedance and the 
thickness of abdominal subcutaneous fat. 

[0008] According to further aspect, the present invention provides a method of measuring a distn'bution of body fat 
for a human t>ody, characterized In that it comprises the steps of: measuring a bloelectrical Impedance and a thtekness 

so of abdominal sut>cutaneous fot, based on the pereonal data such as sax, age, height, weight, etc.; and calculating an 
area or an amount of abdominal visceral fat and an area or an amount of abdominal sut>cutaneous fat, based on the 
measurements of the bloelectrical impedance and the thickness of abdominal subcutaneous fat. 
[0009] According to yet further aspect, the present invention provides a method of measuring a distribution of body 
fat for a human body, characterized In that It comprises the steps of: measuring a bloelectrical Impedance and a thick- 

55 ness of abdominal subcutaneous fat, based on the sex, age, height and weight of a person; measuring a girth of abdo- 
men; and calculating an area or an amount of abdominal visceral fat, based on the measurements of the bloelectrical 
impedance, the thickness of abdominal subcutaneous fat and the girth of abdomen. 

[0010] According to one embodiment of the present invention, said thickness of abdominal subcutaneous fat is 
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measured by using an ultrasonic signal. 

[0011] According to on ennbodiment of the present invention, said thickness of abdominal subcutaneous fat is 
measured by using a skin hold caliper. 

[0012] According to yet further aspect, the present Invention provides an apparatus for measuring a distribution of 

5 body fat for a human body, characterized In that it comprises: a first input unit that enters the personal data such as sex, 
age, height, weight, etc.; a measuring unit that measures a bioelectrlcal Impedance; a second input unit that enters a 
thickness of abdominal 8ut>cutaneou8 fiat; and an arithmetic element that calculates an area or an amount of abdominal 
visceral fat, based on the data from said first input unit, said measuring unit and said second Input unit. 
[0013] According to yet further aspect, the present invention provides an apparatus for measuring a distribution of 

10 body fat for a human body, characterized in that it comprises: a first Input unit that enters the personal data such as sex, 
age, height, weight, etc.; a measuring unit that measures a bioelectrical Impedance; a second input unit that enters a 
thickness of abdominal subcutaneous fat; and an arithmette element that calculates an area or an amount of abdominal 
subcutaneous fat, based on the data from said first input unit, said measuring unit and said second input unit. 
[0014] According to yet further aspect, the present invention provides ah apparatus for measuring a distribution of 

IS body fat for a human body, characterized In that It comprises: a first Input unit that enters the personal data such as sex, 
age, height, weight, etc.; a measuring unit that measures a bioelectrlcal Impedance; a second Input unit that enters a 
thteknesa of abdominal 8ut)cutaneou8 fat; a third Input unit that enters a girth of abdomen; and an arithmette element 
that calculates an area or an amount of at>dom1nal visceral fat, based on the data from said first Input unit said meas- 
uring unit, said second Input unit and said third Input unit 

20 [001 5] According to yet further aspect, the present Invention provides an apparatus for measuring a distribution of 
body fat for human body, characterized In that It comprises: a first input unit that enters the personal data such as sex. 
age, height weight etc.; a measuring unit that measures a bioelectrical impedance; a second Input unit that enters a 
thickness of abdominal subcutaneous fat; a third input unit that enters a girth of abdomen; and an arithmetk^ element 
that calculates an area or an amount of abdominal subcutaneous fat, based on the data from said first input unit, said 

25 measuring unit, said second Input unit and said third Input unit 

[001 6] . According to yet further aspect, the present Invention provides an apparatus for measuring a distribution of 
body fat for human body, characterized In that It comprises: a first Input unit that enters the personal data such as sex, 
age, height, weight, etc.; a measuring unit that measures a bioelectrical Impedance; a second Input unit that enters a 
thickness of abdominal subcutaneous fat; and an arithmetic element that cateulates an area or an amount of abdominal 

30 visceral fat and an area or an amount of abdominal subcutaneous fat based on the data from said first input unit, said 
measuring unit and said second Input unit. 

[0017] According to one embodiment of the present Invention, said second Input unit includes an ultrasonic probe. 
[0018] According to another embodiment of the present Invention, the data detected by said ultrasonic probe is 
transmitted to said arithmetic element via a radio communication means or an optical communication means 

35 [0019] According to further embodiment of the present invention, said second Input unit Includes a skin hold caliper. 
[0020] According to further embodiment of the present invention, the data detected by said skin hold caliper Is 
transmitted to said arithmetic element via a radio communication means or an optical communication means 
[0021] According to yet further aspect the present invention provides an apparatus for measuring a distribution of 
body fat for a human body, characterized In that It comprises: a first arithmetic element that calculates an area of 

40 abdominal visceral fat a second arithmetic element that cak^ulates an area of abdominal subcutaneous fat; and a deci- 
sion unit tiiat detennines the type of corpulence t>y dividing the area of abdominal visceral fat calculated in said first 
arithmetic element by the area of abdominal subcutaneous fat calculated In said second arithmetic element 
[0022] According to yet further aspect, the present invention provides a method of measuring a distribution of body 
fat for a human body, characterized in that It comprises the steps of: measuring the thickness of abdominal sut)cutane- 

45 ous fat and the girth of abdomen; and catoulating the area of at)dominal visceral fat, based upon the measurements of 
the thickness of abdominal subcutaneous fat and the girth of abdomen. 

[0023] According to yet further aspect, the present invention provides a method of measuring a distribution of body 
fat for a human body, characterized in that It comprises the steps of: measuring the thtekness of abdominal sut)cutane- 
ous fat and the girth of abdomen; and calculating. the area of abdominal autxsutaneous fat based upon the measure- 
so ments of the thickness of abdominal subcutaneous fet and the girth of abdomen. 

[0024] According to yet further aspect, the present invention provides a method of measuring a distribution of body 
fat for a human body, characterized In that it comprises the steps of: measuring the thickness of abdominal subcutane- 
ous fat and the girth of abdomen; and calculating the area of abdominal visceral fat and the area of abdominal sut>cu- 
taneous fat based upon the measurements of the thickness of abdominal subcutaneous fat and the girth of abdomen. 
55 [0025] According to one embodiment of the present invention, the step of deriving the araa of at>domlnal visceral 
fat or the area of abdominal subcutaneous fat further comprises the step of perfomning a correction process based upon 
the personal data including sex, age, height etc. 

[0026] According to yet further aspect the present invention provides an apparatus for measuring a distribution of 
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body fat for a human body, characterized In that It comprises: a first input unit that enters the thickness of abdominal 
subcutaneous fat; a second Input unit that enters the girth of abdomen; and an arithmetic element that calculates the 
area of abdominal visceral fat based upon the data from said first and second input units. 

[0027] According to one embodiment of the present Invention, said first Input unit includes an ultrasonic probe. 
5 [0028] According to another embodiment of the present Invention, said first Input unit Includes a skin hold caliper. 
[0029] According to further embodiment of the present Invention, the apparatus further comprises a third Input unit 
that enters the personal data Including sex, age, height, etc. 

Brief pescriptlpn of the drawings: 

10 

[0030] Now the preferred embodiments of the present invention will be described with reference to the accompany- 
ing drawings. 

Fig. 1 is a perspective view representing an apparatus for measuring a body fat for a peraon according to a pre- 
IS ferred embodiment of the present Invention; 

Rg. 2 Is a schematic block diagram representing the circuit configuration of the body fat measuring apparatus, as 
shown in Rg. 1; 

Rg. 3 Is a perspective view representing an apparatus for measuring a t)ody fet for a person according to another 
embodiment of the present Invention; 
20 Rg. 4 is a schematic block diagram representing the circuit configuration of the Isody fat measuring apparatus, as 
shown In Rg. 3; 

Rg. 5 Is a flow chart briefly representing the steps of measuring the distribution of body fat according to the present 
invention; 

Rgs. 6 and 7 are flow charts each representing In more detail the steps, as shown in Rg. 5; 
2S Rg. 8 is a cross sectional view of subcutaneous fat In abdomen when it is assumed that the cross section of abdo- 
men is considered as a true circle; 

Rg. 9 Is a view representing the connelation between a total amount of fat and a total area of fat In abdomen; 
Fig. 10 is a view representing the congelation between a thtekness and an area of abdominal subcutaneous fat; 
Rg. 11 is a view representing the congelation between a total amount of fat end an area of abdominal visceral fet; 
30 Fig. 12 is a view representing the correlation between a thk:kness of abdominal subcutaneous fat and a total 
amount of subcutaneous fat; 

Fig. 13 is a view representing the correlatton between a total subcutaneous fat and an area of abdominal subcuta- 
neous fat; 

Fig. 14 is a view representing the con-elation between an amount of visceral fat and an area of abdominal visceral 
3S fat; 

Rg. 15 Is a view representing the con-elation between a height, weight and thickness of subcutaneous fat, and a 
total amount of sut)cutaneou8 fat; and 

Rg. 16 is a view representing the correlation between a product of waist size and thickness of subcutaneous fat, 
and an area of abdominal 8Ut)CUtaneous fat 
40 Rg. 17 is a perspective view representing an apparatus for measuring a k>ody fat for a pereon aocording to yet fur- 
ther embodiment of the present Invention; 

Fig. 18 is a schematic block diagram representing the circuit configuration of the body fat measuring apparatus, as 
shown in Rg. 17; 

Fig. 19 is a perspective view representing an apparatus for measuring a body fat for a person according to yet fur- 
45 ther embodiment of the present Invention; 

Rg. 20 Is a schematic block diagram representing the circuit configuration of the body fat measuring apparatus, as 
shown In Rg. 1 9; 

Rg. 21 Is a flow chart briefly representing the steps of measuring the distribution of body fat according to the 
present Invention; 

so Figs. 22 and 23 are flow charts representing In more detail the steps as shown in Rg. 21 ; 

Fig. 24 Is a view representing a correlation between a waist size and a total area of f^t In abdomen; 
Fig. 25 is a view representing a correlation between a waist size and an area of visceral fat; and 

Description of the Preferred Embodiments : 

55 

[0031] Rg. 1 is a perspective view representing an apparatus for measuring a body fat for a person according to a 
prefen-ed embodiment of the present invention. The body fat measuring apparatus includes a weight meter 1 0 with a fat 
meter included therein, and an ultrasonic probe 30 connected to the weight meter 1 0 via an electric cable 20. In this 
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embodiment, some standard electric cable 20 is shown to connect the ultrasonic prob 30 with the weight meter 1 0. But 
It may possible that th measurement data obtained by th ultrasonic probe 30 Is transmitted to the weight meter 1 0 via 
a radio frequency communication or an optical communication. 

[0032] The weight meter 10 Is provid d with a power switch (not shown), pairs of foot electrodes 1 1 and 12, a dls- 
5 play 13 and a data Input portion 14 on the top of the meter housing. In addition, a weight sensor and a control circuit 
having an arithmetic component are Included Inside the housing of weight meter 10. 

[0033] Rg. 2 Is a schematic block diagram representing a circuit configuration of the body fat measuring apparatus, 
as shown In Rg. 1. As shown In Rg. 2, the weight meter 10 Includes a control circuit 1 as the main component within 
the housing, as usual. The control circuit 1 functions to receive a data from data Input switches on the data input portion 
10 1 4, and a weight data detected t>y the weight sensor. In addition, It receives data signals from constant current electrode 
plates and voltage measuring electrode plates of the pairs of foot electrodes 1 1 and 12, and a data from the ultrasonic 
probe 30. Based on those data, the control circuit performs arithmetic operations, as described below, for indicating the 
results of the arithmetic operations on the display 13. 

[0034] Alternath^e to the control circuit 1 and the data Input switches 1 4 positioned on the weight meter 1 0, the sim- 
IS liar control circuit 2 and the data Input switches may be positioned on the ultrasonic probe 30, as shown In Fig. 2. In 
addition, Instead of the electric cable 20, the radio frequency communication or optical communication may be done for 
data transmission between transmitter / receiver portions In the weight meter 10 and the ultrasonic probe 30, as Indi- 
cated by a broken line in Rg. 2. 

[0035] Rg. 3 Is a perspective view representing an apparatus for measuring a body fat for a person according to 

20 another embodiment of the present invention. The body fat measuring apparatus Includes a weight meter 1 0 with a fat 
meter Included therein, and a skin hold caliper 40 connected to the weight meter 10 via an electric cable 20. In this 
embodiment, some standard electric cable 20 is shown to connect the skin hold caliper 40 with the weight meter 10. 
But, as already described earlier. It may possible that the measurement data obtained by the skin hold caliper 40 Is 
transmitted to the weight meter 10 via a radio frequency communication or an optical communication. 

^ [0036] Similar to the embodiment as above, the weight meter 1 0 Is provided with a power switch (not shown), pairs 
of foot electrodes 11 and 12, a display 13 and a data Input portion 14 on the top of the meter housing. In addition, a 
weight sensor and a control circuit having an arithmetic component are Included inside the housing of weight meter 1 0. 
[0037] Rg. 4 Is a schematic block diagram representing a circuit configuration of the body fat measuring apparatus, 
as shown in Rg. 3. As shown in Rg. 4, the weight meter 10 includes a control circuit 1 as the main component within 

30 the housing, as usual. The control circuit 1 functions to receive a data from data input switches on the data input portion 
1 4, and a weight data detected by the weight sensor. In addition. It receives data signals from constant current electrode 
plates and voltage measuring electrode plates of the pairs of foot electrodes 1 1 and 12, and a data from the skin hold 
caliper 40. Based on those data, the control circuit performs arithmetic operations, as described below, for indicating 
the results of the arithmetic operations on the display 13. 

35 [0038] Similar to the embodiment as above. Instead of the control circuit 1 and the data Input switches 1 4 positioned 
on the weight meter 10, the simitar control circuit 2 and the data input switches may be positioned on the skin hold cal- 
iper 40, as shown In Rg. 4. In addition. Instead of the electric cable 20. the radio frequency communication or optteal 
communication may be done for data transmission between transmitter / receiver portions in the weight meter 10 and 
the skin hold caliper 40, as indicated by a broken line in Rg. 4. 

40 [0039] In both ennbodlments as described above, the weight meter 10 with the fat meter Included therein Is 
designed to perform measurement of the bloelectrteal impedance between both feet of a person. The present invention 
is not necessarily be limited to such design, but It may be applied to such configuration that measurement is perfomied 
between both hands, between a hand and a foot, between both feet and a hand, as well as between both hands and 
both feet. The ultrasonic probe 30 functions to measure the thickness of subcutaneous fat In abdomen of a person. In 

45 this connection, the measurement may be performed either In 'A-mode* which Is simple and described latter in detail, 
or In "B-mode" which takes relatively higher cost. The body fat measuring apparatus in the embodiments as described 
above use the ultrasonic probe or the skin hold caliper to measure the thidcness of subcutaneous fat In abdomen of a 
person, but they may use other measuring means for performing the same measurement. 

[0040] Now, a method for measuring a distribution of body fat for a person according to the present invention will be 
so described, in association with the operation of the k>ody fet measuring apparatus in the embodiments as described 
above. 

[0041] Rg. 5 is a flow chart briefly representing the steps of measuring the distribution of body fat according to the 
present invention. Figs. 6 and 7 represent In more detail the steps as shown In Rg. 5 In the form of a flow chart. Refer- 
ring to Figs. 5 to 7, a person who wants to measure his distribution of body fat turns on the body fat measuring appara- 
55 tus, as shown In step 1 In Fig. 5. Then, In steps 2 to 4, he enters the personal data such as his height, age, sex, etc., 
into the apparatus via the data Input switches on the data input portion 14. Then, In step 5, the person enters the weight 
of the clothes that he wears (or the tare weight). This step 5, however, may be bypassed. 

[0042] Then, in step 6, the person measures the thickness of subcutaneous fet In his abdomen by using the ultra- 
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sonic probe 30 or the skin hold cal^r 40. In this connection, the measurement of the thickness of subcutaneous fat in 
abdomen by the ultrasonic probe 30 Is performed in "A-mode" of operation. The measurement data on the thtekness of 
subcutaneous fat in abdomen obtained by th uttrasonlc probe 30 or the skin hold caliper 40 is transmitted to the control 
circuit of the weight meter 10. With regard to "A-mode" of operation for measuring the thickn ss of 8utx:utaneous fist. 

5 the ultrasonic probe 30 produces a high frequency ultrasonic signal that Is Inddem on a surface of the body of the per- 
son. Then the ultrasonic signal is reflected from the boundary between a fatty fascia and a peritoneum or between the 
fatty fiascia and a muscle fascia back to the probe 30. Then the time period between the transmission of the ultrasonic 
signal and the reception of the reflected ultrasonic signal Is measured. The thickness of fatty fascia can be determined 
based upon the time period thus measured and the known velocity value of sound through the feitty fescla. 

10 [0043] Then, the person mounts the weight meter 1 0 with soles of his feet positioned on the pairs of foot electrodes 
1 1 and 12. In step 7, the weight sensor acts to measure the weight of the person, and the weight thus measured is 
transmitted to the control circuit 1. Then, in step 8, the bloelectrical impedance is measured. In this connection, the blo- 
etectrical Impedance Is calculated, based upon the detection signals fed to the control circuit 1 from the constant current 
electrode plates and voltage measuring electrode plates of the foot electrode pairs 1 1 and 12. 

15 [0044] In step 9, the total amount of fat Is calculated from the bloelectrical Impedarice by the arithmetic circuit within 
the control circuit 1. The calculation of the total amount of fat Is performed according to 'BIA* process, for instance. In 
"BIA' process, the impedance between two parts (for Instance, between both feet) of a person Is measured, and there- 
after, the rate of body fat Is calculated by utillztng the fact that the relation between a fat tissue and a defatting tissue Is 
closely related to the bloelectrical Impedance. Then the rate of body fat Is corrected with the personal data such as 

so height, weight, age, etc. 

[0045] Based upon the data entered as described above, the ailthmetto circuit within the control circuit 1 performs 
a several operations as follows: 

A. (1) Calculation of total area (or cross sectional area) of fat In abdomen: 

25 

[0046] The total area or amount of fat In abdomen is calculated in relation to the total amount of fat (see Rg. 8). 
[0047] At present time, the distribution of fiat for a human body Is geneiBlly consisting of two types: subcutaneous 
fat and visceral fat (or fat in abdominal cavity). As is well known, the subcutaneous fat is mainly present In abdomen and 
the visceral fat is also present in the abdomen of a person. Therefore, both types of fats are concentrated in the abdo- 
30 men of a person. Assuming that the sum of both types of fat is considered as the total amount of fat, the total amount 
of fat is strongly related to the total area or amount of fat In abdomen. Rg. 9 shows the comelatlon between the total 
amount of fat and the total area of fat in atxiomen. Due to the correlation present therebetween, a regression curve can 
be used to detennine the total area or amount of fat in abdomen from the total amount of fat. 

[0048] Before the detailed description with reference to Figs. 9 to 25, some terms such as Correlation Factor "r", 
35 Risk l=actor *p<z'' and Regression Curve are defined as follows: 

[0049] As for the correlation factor "r*, as this factor "r" approaches "1 *, any deviation from the regression curve 
becomes small and the function consisting of both variables "X* and "Y" becomes sensitive, in other words, there is no 
such possibility present that the change in amount of "Y* becomes unduly greater in relation to the change in amount 
of "X". 

40 [0050] As fbr the risk factor "p<z', the percentage for which there is no correlation Is less than the value of 
z*100(%). 

[0051 ] As fbr the regression curve, it is represented by the following formula: 

Y=a • X + b 

45 

Where "Y' is derived based upon the value *X*; a horizontal axis in the graph represents *X". a vertical axis represents 
"Y"; and the coefficients "a" and "b" are calculated using the actual measurement values as follows: 

b = {£ (X-X[average]) • (Y-Y[average])}/£ {X-X[average]^} 

so 

a = Y[average] -b • X[averege] 

A. (2) Calculation of an area (or cross sectional area) of subcutaneous fat in abdomen: 

55 [0052] The area or amount of subcutaneous fat In abdomen Is calculated in relation to the thickness of abdominal 
sut>cutaneou8 fat, or the product of thickness of abdominal subcutaneous fat and waist size (see Fig. 1 0 or 1 6). In the 
latter case, it is required that the girth of waist is measured in step 7* between steps 6 and 7 In Rg. 5. 
[0053] Refening to Fig. 8, assuming that the abdomen is a true cirole In shape, the area (or cross sectional area) 
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of subcutaneous fat In the abdomen Is calculated as follows: 

Radius of abdomen = waist size / (2ic) 

Area of subcutaneous fat = (radius of abdomen) n 
- (radius of abdomen - thickness of abdominal subcutaneous fat) ^ xn 



10 Because the thickness of abdominal subcutaneous fat is extremely small, as compared to the girth of abdomen (or 
waist size), the area of at>dominal subcutaneous fat can be expressed as follows: 

Area of abdominal subcutaneous fat (thtekness of abdominal sut)cutaneous fat x waist size) 

IS Rg. 1 5 shows the correlation between the estimated area and the actually measured area of said abdominal subcuta- 
neous fat (the horizontal axis In the graph represents the estimated value which equals the product of waist size and 
thickness of abdominal subcutaneous fat). As the result, due to the fact that the actual human body Is not a true drcle 
In cross sectional shape, there may be some difference between the actual measured values and the estimated values. 
However, the regression curve appears substantially linear; and therefore, It Is possible to estimate the area or amount 

20 of abdominal subcutaneous fat simply by measuring the waist size and the thickness of subcutaneous fat Rg. 1 0 shows 
the correlation between the actually measured values of thickness and area of abdominal subcutaneous fat, that is 
effective to make the measuring process more easy. As the result, due to the correlation present therebetween, the 
regression curve can be used for estimating the area or amount of abdominal subcutaneous fat from the thtekness of 
abdominal sut)cutaneous fat 

25 

A. (3) Calculation of an area of abdominal visceral fat / an area of abdominal subcutaneous fat: 

[0054] The area or amount of abdominal visceral fiat Is calculated by 8ut>tractlng the area or amount of abdominal 
subcutaneous fat from the total area or mount of fat In abdomen. Then, the area or amount of abdominal visceral fat / 
30 the area or amount of abdominal subcutaneous fat is calculated. 

B. (1) Cateulation of an area of abdominal visceral fat: 

[0055] The area or amount of abdominal visceral fat Is calculated In relation to the total amount of fet (see Rg. 11). 

35 

B. (2) Calculation of an area of abdominal subcutaneous fat 

[0056] The area or amount of abdominal subcutaneous tat Is cateulated In relation to the thickness of subcutaneous 
fat, or the product of thtekness of abdominal subcutaneous fat and waist size (see Rg. 10 or 16). Refer to description 
40 for item A. (2) at)ove. 

B. (3) Catoulatlon of an area of abdominal visceral fat / an araa of abdominal subcutaneous fat 

C. (1) Calculation of total amount of subcutaneous fat: 

45 

[0057] The total amount of subcutaneous fat Is calculated in relation to the thickness of subcutaneous fat, or the 
product of thickness of subcutaneous fat and waist size (see Fig. 12 or 15). 

[0058] A several formulas for deriving the body surface area have been published, one of which is described below: 

so Total body surfece area (cm ^) = weight (kg) ^'^^ x height{cm) ^"^^ x 70.98 

The rate of body surface area of a main body and limbs relative to the total body surface area Is generally considered 
as about 80%. Then the following fomnula Is resulted: 

55 Body surface area of a main body and limbs (cm ^) = total body surface area (cm ^) x 0.8 

The thickness of subcutaneous fat in several parts of the body (for instance, thigh, crural, abdomen, flank, upper arm, 
etc.) Is measured and the average of them is detemilned. Due to the fact that density of fat is 0.9g/cm^, the total amount 
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of subcutaneous fat is calculated according to the following fonnula: 

Total amount of subcutaneous fat (g) = (body surface area of main body and limbs) 
X (average thickness of subcutaneous fat) x 0.9 

5 

This is the most theoretical fommila. but for the sake of simplicity, the total amount of subcutaneous fat may be calcu- 
lated simply by using the values of thickness of subcutaneous fat In less number of parts of the body. 
[0059] The part of the body having the largest amount of subcutaneous fiat is abdomen, and therefore, it must have 
10 the greatest contribution to the total amount of subcutaneous fat. Accordingly the average thtekness of subcutaneous 
fat Is substituted by the thickness of subcutaneous fat In abdomen to produce an estimate of the total amount of subcu- 
taneous fat. Fig. 1 5 shows the comelatlon between such estimated values of total amount of subcutaneous fax and the 
actually measured values therefor. 

[0060] As the result. It Is apparent that the values are substantially present on a line. Therefore, it is possible to estl- 
IS mate the total amount of subcutaneous fat from the thickness of subcutaneous fat In abdomen. 

[0061] Alternatively, more fecliltated method of getting the total amount of subcutaneous fat is to obtain the corre- 
lation between the thickness of subcutaneous fat in atxiomen and the total amount of subcutaneous fat Then, the 
regression curve Is used to estimate the total amount of subcutaneous fat from the thickness of sutxsutaneous fat Fig. 
1 2 shows the relation between the thickness of subcutaneous fat in abdomen and the total amount of subcutaneous fat 
20 Due to the correlation present therebetween, It is possible to use the regression curve for estimating the total amount 
of subcutaneous fat from the thtekness of subcutaneous fat 

C. (2) Calculation of an amount of visceral fat: 

25 [0062] The amount of visceral fat ts cak:ulated by subtracting the amount of subcutaneous fat from the total amount 
of fat 

C. (3) Calculation of an area of abdominal subcutaneous fat: 

30 [0063] The area of abdominal subcutaneous fat is cateulated in relation to the thickness of abdominal subcutane- 
ous fat, or the product of thickness of subcutaneous fat and waist size (see Rg. 1 0 or 1 3). Refer to item A. (2) as above. 

0. (4) Calculation of an area of abdominal visceral fat 

35 [0064] The area of abdominal viscerel fat is calculated In relation to the amount of area of visceral fat (see Rg. 1 4). 

C. (5) Calculation of an area of abdominal viscerel fat / area of abdominal subcutaneous fat: 

[0065] Now, description Is made to the criteria of evaluation for visceral fat At the present time, an attack of diabe- 
40 tes or other "adult (noncommunlcable) diseases" Is considered more greatly depending on the visceral fat type corpu- 
lence than the subcutaneous fat type corpulence. Therefbre. the tomographic Image of the navel region obtained by CT 
scan or MRl Is used to produce the values of the 8Ut)cutaneous fat area and visceral fat area. Then, the boundary 
between both types of corpulence Is set In such manner that the value of visceral fat area / subcutaneous fat area not 
less than 0.4 means the visceral fat type corpulence, while the value less than 0.4 means the subcutaneous fat type 
45 corpulence. 

[0066] Rg. 17 Is a perspective view representing an apparatus for measuring a body fat for a person according to 
further embodiment of the present Invention. The body fat measuring apparatus 100 Includes a main housing 110, an 
ultrasonic probe 120 contained in the housing 110, and a girth measuring unit 130 such as a tape measure that Is 
winded up and pulled out of the housing 1 10. A display 1 1 1 and a data Input unit 1 12 are positioned on the top of the 
50 housing 110. A power switch (not shown) ts positioned somewhere on the housing 110 and a control circuit including 
an arithmetic part Is contained In the housing 110. 

[0067] Rg. 1 8 is a schematic block diagram representing the circuit configuration of the body fat measuring appa- 
ratus 1 as shown in Rg. 1 7. As shown In Rg. 1 8, the body fat measuring apparatus 1 00 Includes a control circuit as the 
main component in the housing 110. The control circuit functions to receive a data from input switches on the data input 
55 portion 112, a measurement data from the ultrasonic probe 1 20 and a measurement data from the girth measuring unit 
130. Based on those data, the control circuit perfomns arithmetic operations, as described below, for indteating the 
results of the arithmetic operations on the display 111. 

[0068] Rg. 1 9 ts a perapectlve view representing an apparatus for measuring a body fat for a peraon according to 
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yet further embodiment of the present Invention. The body fat measuring apparatus 100A includes a main housing 
11 OA. A subcutaneous fat thickness measuring unit 120A such as a skin hold caliper is contained in the housing 110. 
The apparatus 100A includes a girth measuring unit 130A such as a tape measure that is winded up and pulled out of 
the housing 1 1 0. A display 111 A and a data input unit 1 12A are positioned on the top of the housing 1 1 0A. A power 
5 switch (not shown) is positioned somewhere on the housing 11 OA and a control circuit including an arithmetic part Is 
contained in the housing 1 10A. 

[0069] Fig. 20 Is a schematic block diagram representing the circuit configuration of the body fat measuring appa- 
ratus, as shown In Rg. 1 9. As shown in Rg. 20, the body fat measuring apparatus 1 0OA includes a control circuit as the 
main component In the housing 11 OA. The control circuit functions to receive a data from input switches on the data 
10 input portion 1 1 2A, a measurement data from the suk>cutaneous fat thickness measuring unit 1 20A and a measurement 
data from the girth measuring unit 130A. Based on those data, the control circuit performs arlthmetk: operations, as 
described below, for Indicating the results of the arithmetic operations on the display 1 1 1 A. 

[0070] Now, a method for measuring a distribution of body fat for a person according to the present Invention will be 
described, In assodation with the operation of the body fat measuring apparatus in the embodiments as described 
75 above. 

[0071 ] Rg. 21 Is a flow chart briefly representing the steps of measuring the distribution of body fat according to the 
present Invention. Rgs. 22 and 23 represent in more detail the steps as shown in Rg. 21 in the form of a flow chart. 
Referring to Figs. 21 to 23, a person who wants to measure his distribution of body fat turns on the body fat measuring 
apparatus ICQ or 100A, as shown in step 1 in Rg. 21. Then, In steps 2 to 4, he enters the personal data such as his 

20 height age, sex, etc., Into the apparatus 1 00 or 1 0OA via the data Input switches on the data Input portion 1 1 2 or 1 1 2A. 
[0072] Then, In step 5, the person measures the thickness of subcutaneous fat In his abdomen by using the ultra- 
sonic probe 120 or the skin hold caliper 120A. In this connection, the measurement of the thickness of subcutaneous 
fat In abdomen by the ultrasonic probe 120 is performed in "A-mode" of operation. The measurement data on the thtek- 
ness of sutx:utaneous fat In abdomen obtained by the ultrasonic probe 120 or the skin hold caliper 120A is transmitted 

25 to the control circuit within the housing 1 1 0 or 1 1 0A. Atternatlvety the person may read the measured value by the skin 
hold caliper 120 A and then enter it into the apparatus 1 10A via the data Input switches on the data Input portion 1 12A. 
[0073] Next, In step 6, the girth of a waist part of the person Is measured by using the girth measuring unit 1 30 or 
1 30A. Such data may automatically transmitted to the control circuit or it may read by the person, who then enter It into 
the control circuit using the data input switches. 

30 [0074] Based upon the data entered as descrilsed at>ove, the arlthmette circuit within the control circuit performs a 
several operations as follows: 

A. (1) Calculation of total area (or cross sectional area) of fat In abdomen: 

35 [0075] The total area of fat In abdomen is calculated in relation to the waist size (see Rg. 24). 

[0076] Rg. 24 represents one example of a regression curve for a man. 25 years old. It has found that such regres- 
sion curve may vary to some degree depending upon the personal data such as sex, age, height, etc. Therefore, some 
correction process based upon such personal data is required' for producing more precise estimation of the fat area. 

40 A. (2) Calculation of an area (or cross sectional area) of subcutaneous fat in abdomen: 

[0077] As described above, the area of subcutaneous fat In abdomen Is calculated In relation to the thickness of 
abdominal subcutaneous fat, or the product of thickness of abdominal subcutaneous fet and waist size (see Rg. 10). 

45 A. (3) Calculation of an area of abdominal visceral fat 

[0078] As described above, the area of abdominal visceral fat Is cateulated by subtracting the area of abdominal 
subcutaneous fat from the total area of fat In abdomen. 

so A. (4) Calculation of an area of abdominal visceral fat / an area of abdominal subcutaneous fat: 

B. (1) Catoulatlon of an area of abdominal visceral fat: 

[0079] The area of abdominal visceral fat is calculated In relation to the waist size (see Rg. 9). 

55 

B. (2) Calculation of an area of abdominal sut»utaneous fat: 

[0080] As described above, the area of abdominal subcutaneous fat is calculated In relation to the thickness of sub- 
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cutaneous fat, or the product of thickness of abdominal subcutaneous fet and waist size (see Rg. 10). 
B. (3) Calculation of an area of abdominal visceral fat / an area of abdominal sukKsutaneous fat: 

5 [0081 ] It is apparent from the foregoing that the present Invention provides a new and Improved method and appa- 
ratus for producing a several information useful for health care of a person with great simplicity and lower cost and with- 
out any adverse effect to the human t>ody. The infbmnaHon thus produced Includes, not only data of a body fat but also 
data regarding a distribution of fat, such as an area or amount of visceral, fat an area or amount of sut>cutaneous fat, 
an area of abdominal visceral fat, end an area of abdominal subcutaneous fat. 

10 [0082] In addition, the apparatus of the present invention, as described with reference to Figs. 17 and 19. Is 
designed to operate without having to measure the weight and the bloeiectricai impedance. Therefore, it can easily be 
used even by a person with a pacemaker implanted and a pregnant woman with great safety. 

Claims 

IS 

1. A method of measuring a distribution of body fat for human body, characterized In that it comprises the steps of: 

measuring a bloeiectricai Impedance and a thickness of abdominal subcutaneous fat based on the personal 
data such as sex, age, height weight, etc.; and 
20 calculating an area of abdominal visceral fat and/or an area of abdominal subcutaneous fat or cateulatlng an 

amount of abdominal visceral fat and/or an amount of abdominal sut>cutaneous fat based on the measure- 
ments of the bloeiectricai impedance and the thickness of abdominal subcutaneous fat. 

2. A method of measuring a distribution of body fat for human body, characterized In that it comprises the steps of: 

25 

measuring a bloeiectricai Impedance and a thtekness of abdominal subcutaneous fat based on the sex, age, 
height and weight of a person; 
measuring a girth of abdomen; and 

cateulating an area or amount of abdominal visceral fsX, based on the measurements of the bioelectrteal 
30 impedance, the thickness of abdominal sutKsutaneous fat and the girth of abdomen. 

3. A method according any one of claims 1 or 2 In whteh said thickness of abdominal sut>cutaneous fat is measured 
by using an ultrasonic signal or by using a skin hold caliper. 

35 4. An apparatus for measuring a distribution of body fat for human body, characterized in that it comprises: 

a first Input unit that enters the personal data such as sex, age, height weight, etc.; 
a measuring unit that measures a bloeiectricai Impedance; 
a second input unit that enters a thickness of abdominal subcutaneous fati and 
40 an arithmetic element that calculates an area of abdominal visceral fat and/or an area of abdominal subcuta- 

neous fat or an arithmetic element that calculates an amount of abdominal visceral fat and/or an amount of 
abdominal subcutaneous fat based on the data from said first input unit said measuring unit and said second 
input unit 

45 5. An apparatus for measuring a distribution of body fat for human body, characterized in that it comprises: 

a first Input unit that enters the personal data such as sex. age, height weight, etc.; 
a measuring unit that measures a bloeiectricai impedance; 
a second Input unit that enters a thickness of atsdomlnai subcutaneous fat; 
50 a third Input unit that enters a girth of abdomen; and 

an arithmetic element that calculates an area or amount of abdominal visceral or subcutaneous fat based on 
the data from said first input unit, said measuring unit said second input unit and said third input unit. 

6. An apparatus according any one of claims 4 or 5 In which said second Input unit includes an ultrasonic probe. 

55 

7. An apparatus according to claim 6 in which the data detected by said ultrasonic probe is transmitted to said arith- 
metic element via a radio communication means or an optical communication means 
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8. An apparatus according any one of claims 4 or 5 In which said second Input unit Includes a skin hold caliper. 

9. An apparatus according to claim 8 in which the data detected by said skin hold caliper is transmitted to said arith- 
metic element via a radio communication means or an optical communication means 

5 

10. An apparatus for measuring a distributton of body fex for human body, characterized in that it comprises: 

a first arithmetic element that cakniletes an area of abdominal visceral fat; 
a second arithmetk: element that calculates an area of abdominal subcutaneous fat; and 
10 a decision unit that detemnines the type of corpulence by dividing the area of abdominal visceral fat calculated 

in said first arithmetic element by the area of abdominal subcutaneous fat calculated In said second arithmetic 
element 

11. A method of measuring a distribution of body fat for human body, characterized In that It comprises the steps of: 

IS 

measuring a thickness of abdominal subcutaneous fat and a girth of abdomen; and 

ceteulating an area of abdominal visceral fat and/or an area of abdominal subcutaneous fat based upon the 
measurements of the thtekness of abdominal subcutaneous fat and the girth of abdomen. 

20 12. A method according to claim 11 In which said thtekness of abdominal sutxsutaneous fat ts measured by using an 
ultrasonic signal or by using a skin hold caliper. 

13. A method according to any one of claims 11 or 12 in which the step of deriving the area of abdominal visceral fat 
or the area of abdominal subcutaneous fat further comprises the step of periomiing a con-ection process based 

2S upon the personal data Including sex, age, height, eta 

14. An apparatus for measuring a dlstrlbutton of body fat for human body, characterized In that ft comprises: 

a first input unit that enters a thickness of abdominal subcutaneous fat; 
30 a second input unit that enters a girth of abdomen; and 

an arithmetic element that calculates an area of abdominal visceral fat based upon the data from said first and 
second input units. 

15. An apparatus according to claim 14 in which said first input unit Includes an ultrasonk: probe or a skin hold caliper. 

35 

16. An apparatus according to claim 1 4 or 15 in wtiteh it further a third Input unit that enters the personal data including 
sex, age, 
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FIG.3 
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FIG. 5 
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FIG.8 
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FIG.9 

CORRELATION BETWEEN TOTAL AMOUNT OF FAT 
AND TOTAL AREA OF FAT IN ABDOMEN 
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FIG.11 

CORRELATION BETWEEN TOTAL AMOUNT OF 
FAT AND AREA OF ABDOMINAL VISCERAL FAT 
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FIG. 12 

CORRELATION BETWEEN THICKNESS OF ABDOMINAL 
SUBCUTANEOUS FAT AND TOTAL AMOUNT OF 
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FIG. 13 

CORRELATION BETWEEN TOTAL SUBCUTANEOUS FAT 
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FIG. 14 
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FIG.15 
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(54) MEASURING METHOD AND MEASURING APPARATUS OF BODY FAT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain information about not only 
body fat but also body fat distribution without adverse effect on 
human body by measuring abdominal subcutaneous fat thickness and 
abdominal circumference and obtaining the abdominal organ fat area 
from the measured subcutaneous fat thickness and the abdominal 
circumference. 

SOLUTION: A person who wants to measure the body fat distribution 
switches on the power source switch of a body fat measuring 
apparatus 1 , and inputs personal parameters such as sex, age, height, 
etc., using data inputting switches in an input section 12. Then, 
he/she measures the abdominal subcutaneous fat thickness using an 
ultrasonic probe 20, and sends the measured data to a control circuit 
In the body housing 10. Then, he/she measures the circumference of 
waist using a circumference measuring apparatus 30, and inputs the 
measured data into the control circuit. An operation circuit contained 
in the control circuit carries out operation treatment of calculation of 
abdominal total fat (cross-sectional) area, calculation of 
subcutaneous fat (cross-sectional) area, and calculation of abdominal 
organ fat area. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain information on not only body 
fat but also body fat distribution very simply with a low cost without 
adv rse effects on human body by obtaining abdominal organ fat area 
or quantity from bioelectnc impedance and abdominal subcutaneous 
fat thickness measured based on a personal parameter. 
SOLUTION: A measuring person of body fat distribution switches on 
the power switch of a weight scale 1 0 with a body fatmeter, and 
inputs a personal parameter using a data input switch in the input part 
14. Then, He/She measures the abdominal subcutaneous fat 
thickness using an ultrasonic probe 30. Then, he/she rides on the 
stand while contacting his/her soles with the electrodes 1 1 and 1 2 of 
the stand of the body weight scale 1 0 with a body fatmeter. Thus, 
w ight measurement Is made by the weight sensor and the weight 
data is inputted into the control circuit and simultaneously bioelectric 
impedance is measured. Fat quantity by bioelectric impedance is 
calculated with an operation circuit, and abdominal total fat 
(cross-sectional) area, abdominal subcutaneous fat (cross- sectional) 
area, and abdominal organ fat area/abdominal subcutaneous fat area 
ar calculated. 
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